Phthalimide-based derivatives have anticonvulsant activity like as phenytoin by inhibition of sodium channel. In our previously research we mentioned about some phthalimide derivatives as potent anticonvulsant agents. Materials and Methods: Fourteen analogs of 2-substituted phthalimide pharmacophore were synthesized and then were evaluated for the anticonvulsant activities in pentylenetetrazole-induced seizures (PTZ) and maximal electroshock seizure (MES) models.
Introduction
Epilepsy affects near 50000000 people in the world, a serious neurological disorder that typically reveals as spontaneous convulsions and/or a loss of consciousness. Efforts devoted in recent years to develop novel therapeutic strategies resulted in the availability of several drugs as anticonvulsants (1, 2) . However, the available antiepileptic drugs are not always effective and only in less than 80% of patients showed to reduce the severity and number of seizures (3) . Moreover, treatment associated with undesirable side effects (4) . So, new antiseizure drug development, with appropriate therapeutic properties, is an important experiment for medicinal chemists.
Sodium channel is one of the most appropriate targets in the treatment of epilepsy. Neuronal voltagegated sodium channels (NVSC) have a key role in the action potentials in neurons and other nervous cells. Thus, NVSC blocking compounds have a characterization of a class of drugs treat pain, seizures and arrhythmia. Voltage-gated sodium channels are containing of an alpha subunit and the beta subunits (5) . Expression of the alpha subunit alone is sufficient to produce a functional channel. The α-subunit contains four repeated domains, labeled I through IV, each containing six membrane-spanning regions, labeled S1 through S6. The family of sodium channels includes nine known members. The proteins of these channels are named Nav1.1 through Nav1.9 (6, 7) .
Phthalimide pharmacophore is one of the new ligand that acts as sodium channel antagonist which designed and evaluated as anticonvulsant agents. Based on the structure-activity relationships for 4-amino-benzamide derivatives (especially ameltolide) and thalidomide, Vamecq et al studied N-phenyl phthalimide derivatives as rigidified analogues of ameltolide ( Figure 1 ) and 4-amino-N-(2, 6-dimethylphenyl) phthalimide model was designed and subsequently phthalimide pharmacophore without the 4-amino group in the phthaloyl moiety was prepared (8) . Similarly, to ameltolide, N-phenylphthalimide derivatives exhibit a phenytoinlike profile i.e. the interaction of phthalimide pharmacophore with NVSC channels was considered in the batrachotoxin affinity assay. These compounds are reasonably potent in the MES test and are impotent in the subcutaneous pentylenetetrazole (ScMet) test (9) . Our docking studies revealed that while phenytoin interacts with the domain IV-S6 of NaV1.2, the phthalimide derivatives, mainly interact with the domain II-S6 of NaV1.2 in which the oxygen of carbonyl group plays a major role in the drug-receptor interactions (10) (11) (12) . In the previous study we have reported new phthalimide derivatives with high anticonvulsant activity in the PTZ test (10) (11) (12) . Based on the results of our reported study the activity of these compounds against pentylenetetrazole-induced seizure can significantly be influenced by the size and hydrophobicity of these compounds (10) (11) (12) . Therefore, for more studies, it was recommended that the phthalimide pharmacophore should remain intact, and the N-aryl part should be replaced with more liphophilic and bulky aromatic moieties in order to achieve a higher potency (10) (11) (12) . In the present study, our research group is exploring the idea of designing new compounds with more anticonvulsant activity in the both MES (tonic seizure) and IV-PTZ (clonic seizure) tests.
Materials and Methods

Chemistry
A group of 2-substituted phthalimide (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) , was synthesized by condensation of the respective aromatic amine (homocycle or heterocycle) with phthalic anhydride in acetic acid at reflux temperature (scheme 1) (10, 11) .
In vivo experiments
Anticonvulsant evaluation in the IV-PTZ tests (clonic convulsions), was performed as described previously (10, 11) . Anticonvulsant evaluation in the MES test (tonic convulsions), was performed using following procedure (13) . Tonic convulsions the hind extremities of mice were induced by passing alternating current (50 Hz, 35 mA and 0.2 sec) from an electroconvulsive therapy apparatus (Model 7800, Ugo Basile, Camerio, Italy) via ear electrodes. Electrodes were moistened by normal saline before attaching to the ear of mouse to improve electrode contact. The current which used was predetermined before the experiment and the current showed to cause hind limb extension in all the mice. Data are expressed in terms of percent protection which is the 
Computational study
Using HyperChem and AutoDock software (version 4.2.3) and a model of the open pore of the Na channel which was developed by homology with the crystal structures of K channels (13), conformational analysis and docking studies were performed as described previously (10) (11) (12) .
Experimental protocols Chemistry
Reagents and solvents were purchased from Merck (Darmstandt, Germany). Pentylenetetrazole (PTZ) from Sigma (UK).
Spectroscopy and analytical procedures
Melting points were determined using a ThomasHoover capillary apparatus which were uncorrected. 1 HNMR and 13 CNMR spectra were recorded on a Bruker FT-500 spectrometer TMS was used as an internal standard. Infrared spectra were acquired on a Nicolet 550-FT spectrometer. Elemental analysis was carried out with a Perkin-Elmer model 240 °C apparatus. The results of elemental analysis (C, H, and N) were within 0.4% of the calculated amounts. Molecular modeling studies were carried out using HyperChem and AutoDock 4.2.3.
General procedure for preparation of isoindoline derivatives (1-11)
A solution of phthalic anhydride (148 mg, 1 mmol) and arylamine (1 mmol) in glassial acetic acid (1.5 ml) was stirred and heated under reflux. The product of this reaction was precipitated by addition of water, filtered, dried and recrystallized to give desired compounds.
2-(Pyren -1-yl)-1H-isoindole-1,3(2H)-dione (1)
Using the general procedure and 1-aminopyren provided the title compound after 12 
2-(Chrysen-1-yl)-1H-isoindole-1,3(2H)-dione (2)
Using the general procedure and 1-aminochrysen provided the title compound after 10 hr of reflux: Yellow crystals, yield 67.5%; mp 314-316 °C (ethanol 
2-(Anthracen-1-yl)-1H-isoindole-1,3(2H)-dione (3)
Using the general procedure and 1-aminoanthracen provided the title compound after 14 hr of reflux: brownish crystals, yield 70.6%; mp 263-264 °C (ethanol). 1 
2-(Fluoranthen-3-yl)-1H-isoindole-1,3(2H)-dione (4)
Using the general procedure and 3-aminofluoranthen provided the title compound after 10 hr of reflux: orange crystals, yield 70.5%; mp 256-257 °C (ethanol). 1 
2-(2-Hydroxy-2,3-dihydro-1H-inden-1-yl)-1H-isoindole-1,3(2H)-dione (6)
Using the general procedure and 1-amino-2-hydroxy-2,3-dihydro-1H-inden provided the title compound after 14 hr of reflux: White crystals, yield 50.9%; mp 153-154 °C (ethanol). 1 
2-[1-(4-Bromophenyl)ethyl]-1H-isoindole-1,3(2H)-dione (7)
Using the general procedure and 1-( 
2-(3-Chlorophenyl)-1H-isoindole-1,3(2H)-dione (10)
Using the general procedure and 3-chloroaniline provided the title compound after 3 hr of reflux: white crystals, yield 54%; mp 157-161oC (ethanol). 
2-(Pyridin-4-yl)-1H-isoindole-1,3(2H)-dione (11)
Using the general procedure and 4-aminopyridine provided the title compound after 28 h of reflux: white crystals, yield 74%; mp 176-179oC (ethanol). 1 
2-(4-Chlorobenzyl)-1H-isoindole-1,3(2H)-dione (12)
Using the general procedure and 4-chlorobenzylamine provided the title compound after 10 hr of reflux: white crystals, yield 65%; mp 125-128 °C (ethanol). 
2-(2-Phenylethyl)-1H-isoindole-1, 3(2H)-dione (13)
It has been reported already (10).
5-Nitro-2-(2-phenylethyl)-1H-isoindole-1,3(2H)-dione (14)
It has been reported already (10) .
Molecular Modeling and Docking
Conformational analysis of the phenytoin and compounds 1-14 was performed through Semiempirical molecular orbital calculations (PM3) method using the HYPERCHEM software. Among all energy minima conformers, the global minimum was used in docking calculations.
Docking calculations were performed using AutoDock software (version 4.2.3). Using a model of the open pore of the Na channel that has been developed by homology with the crystal structures of K channels (12); we have docked all compounds and phenytoin as a reference drug. Docking was performed using the implemented Lamarckin GL and the default parameters and ten independent docking runs were performed for each ligand.
Pharmacology, determination of anticonvulsant activity
Anticonvulsant evaluation in the PTZ test (Clonic convulsions) and the MES test (Tonic convulsions), was performed as described previously (10, 11) .
Statistical analysis
The results are presented as mean±SEM, and the statistical significance between the groups was analyzed by mean of variance followed by one-way ANOVA (Tukey's test) and Chi-square. P values less than 0.05 were considered as indicative of significance.
Results
Chemistry
Fourteen derivatives of 2-substituted analogs of phthalimide were synthesized in 49.6 -79.9% yield based on method that is shown in scheme 1. All of the compounds characterized by TLC followed by FT-IR, elemental analysis and proton NMR and some of them additionally characterized by carbon NMR.
Molecular modeling and docking
Flexible docking was done on the active site of the Na channel open pore. The binding energies, Ki and other results of docking of all the compounds under study were tabulated (Table 1 ). Lowest energy and maximum number of conformations per cluster was set as the criteria to predict the binding modes of the compounds. As it was previously reported, while phenytoin interacted with the domain IV-S6 of NaV1.2 (10, 11), compounds 1-14 interacted mainly with the domain II-S6. Oxygen of imide plays the main role in drug-receptor interaction by making hydrogen bond with the OH of Thr87 or Ser84. 2-Aryl part of phthalimide created a hydrophobichydrophobic interaction with receptor that mostly 
Pharmacology
The ability of the compounds 1-14 to protect against pentylenetetrazole-induced seizure, colonic, was determined using an in vivo assay; the results are summarized in Table 2 and Figures 3-5 . Each compound was dissolved in DMSO, injected intraperitoneally and then were screened for anticonvulsant activities at doses of 20, 40 and 80 mg/kg compared with phenytoin as a positive control. To finding the time course of the effects the single dose of all compounds (40 mg/kg) was administered 15, 30 or 60 min prior to distinct groups of mice.
The ability of the compounds 1-14 to protect against MES induced seizure, tonic, was determined using an in vivo assay, and the results are summarized in Table 3 and Figure 6 . Note: Percentage of protection against incidence of tonic seizure and death subsequent electroshock was compared among groups using chi-square test
Discussion
Based on the predicated docking results (Table  1) , some synthesized compounds predicted to be more potent than phenytoin, however the experimental data did not confirm this phenomena possibly due to partition coefficient of the compounds.
Time-course analysis showed that all of the compounds and phenytoin exerted their maximal effects 30 min after administration. In vivo screening data generated showed that at doses of 20 and 40 mg/kg except compound 7, 13 and 14, all the analogs showed the ability to protect against PTZinduced seizure and were more potent than phenytoin at doses 10 and 20 mg/kg (Figure 3 and Figure 4 ). All the phthalimides 1-14 at dose 80 mg/kg were more potent than phenytoin in protection against PTZ-induced seizure ( Figure 5 ). In vivo screening data indicated that at doses of 20, 40 and 80 mg/kg, compounds 3 and 9 elevated clonic seizure thresholds at 30 min, which were, more active than phenytoin as a reference drug and were the most potent ones.
Our results reveals in the lipophilic series, compounds 1-4, compound 3 is the most potent one. Compounds 8, 9, and 11 contain a moiety with hydrogen binding ability in the para position of aryl ring which showed very potent activity. Structural analysis of compounds 7, 13 and 14 which showed the highest activity at different doses, indicate insertion of ethyl moiety between phthalimide and aryl part, results in decreasing the activity.
In vivo screening data acquired indicated that except compound 4 which was inactive at doses 20 mg/kg, all the analogs have the ability to protect against MES induced seizure which compounds 3, 6, 7, 11, 13 and 14 at dose 80 mg/kg with 100% protection are the most potent ones (Figure 6 ).
Based on the results of IV-PTZ and MES tests, compound 3 is the most potent compound in the both of clonic and tonic seizures, which is more active than phenytoin as a reference drug and it candidate for more evaluation.
Conclusion
Fourteen analogs of 2-substituted analogs of phthalimid were synthesized, characterized by TLC followed by IR, elemental analysis and NMR and tested for their ability to protect against pentylenetetrazole-induced seizure and MES in vivo in mice. In vivo screening data acquired indicated that all the analogs have the ability to protect against IV-PTZ and MES induced seizure. These compounds exerted their maximal effects 30 min after administration. The most potent compounds in PTZ test were 3 and 9 and in the MES were compounds 3, 6, 7, 11, 13 and 14 with 100% protection. Compound 3 with high lipophilic property is the most potent compound in the clonic and tonic seizures, which is more active than phenytoin as a reference drug. Compound 3 has been chosen for further evaluation.
